METADATA AND NUMERICAL DATA CAPTURE:
Enthalpy of Formation

AcH - ° (kJ/mol)

Guided Data
Capture (GDC)

This tutorial describes
METADATA AND NUMERICAL DATA CAPTURE:

for Enthalpy of Formation A(H _° (kJ/mol)
with the Guided Data Capture (GDC) software.




NOTE:

The tutorials proceed sequentially to ease the
descriptions. It is not necessary to enter all
compounds before entering all samples, etc.

Compounds, samples, properties, etc., can be
added or modified at any time.

However, the hierarchy must be maintained
(i.e., a property cannot be entered, if there is no
associated sample or compound.)




The experimental data used in this example is from:

700 J. Chem. Eng Data 2002, 47, 700-714

Thermodynamic Properties and Ideal-Gas Enthalpies of Formation
for trans-Methyl Cinnamate, a-Methyl Cinnamaldehyde, Methyl
Methacrylate, 1-Nonyne, Trimethylacetic Acid, Trimethylacetic
Anhydride, and Ethyl Trimethyl Acetate

W. V. Steele,*! R. D. Chirico,} A. B. Cowell, S. E. Knipmeyer, and A. Nguyen

BEDM Petroleum Technologies, P.O. Box 2543, Bartlesville, Oklahoma 74005-2543

The results of a study aimed at improvement of group-contribution methodology for estimation of
thermodynamic properties of organic substances are reported. Specific weaknesses where particular group-
contribution terms were unknown, or estimated hecause of lack of experimental data, are addressed by
experimental studies of enthalpies of combustion in the condensed phase, vapor-pressure measurements,
and differential scanning calorimetric heat-capacity measurements. Ideal-gas and condensed-phase
enthalpies of formation of trans-methyl cinnamate, @-methyl cinnamaldehyde, methyl methacrylate,
| -nonyne, trimethylacetic acid, trimethylacetic anhydride, and ethyl trimethyl acetate are reported.
Enthalpies of fusion were determined for frans methyl cinnamate and trimethylacetic acid. Two-phase
(solid + wvapor) or (liquid + vapor) heat capacities were determined from 300 K to the critical region or
earlier decomposition temperature for all the compounds. For ethyl trimethyl acetate, the values of the
critical temperature and critical density were determined from the DSC results and the corresponding
critical pressure was derived from the fitting procedures. The results of all the measurements were
combined to derive a series of thermophysical properties including critical temperature, critical density,
critical pressure, acentric factor, enthalpies of vaporization (restricted to within £50 K of the temperature
range of the vapor pressures), and heat capacities along the saturation line. Wagner-type vapor-pressure
equations were derived for each compound. Group-additivity enthalpy of formation parameters and strain
energies useful in the application of ideal-gas group-contribution correlations were derived.



Enthalpy of Formation from the elements:
methyl methacrylate at 7=298.15 K and p =101.3 kPa

Table 6. Condensed-Phase Molar Thermochemical Functions at 29815 K and p° = 101.325 kPa®

Acll T -mol ! At T -mol -1

m
met hyl methacrylate (1) —2733.33 + 0406 —2735.80 + 0.45

rars-metliyl cinnamate (o —aloa. in —albe [ 1n .

w-methyl cinnamaldehyde (1) —h286.14 £ 0.96 —5281.08 + 0.96 —73. 1.08
l-nonyne (I) —5833.098 + 0.88 —5843.80 + 0.88 15 1.0z
trimethylacetic acid (o) —2824.07 £ 0.52 —2827.79 + 0.52 —5HGE J] + 0.60
trimethylacetic anhydride (1) —5713.97 £ 0.90 —a721.41 £ 0.80 —TEWLG + 1.0G
ethyl trimethyl acetate (1) —4188.16 +£ 0.70 —4195.36 + 0.70 02 + 0.8

7 The result= listed in this table are for the stable [liqui This data Set is e at 208,15 “each of the compounds.

considered here.

Experimental Method Info:

Rotating Combustion Bomb Calorimetry



Guided Data Capture - Thermophysical and Thermochemical Data
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1. SELECT the Compound ’ 2, CLI.CK |
Reaction

for which the Reaction
data are to be captured.

NOTE: The bibliographic information, compound identities,
sample descriptions, and mixture were entered previously. (There are
separate tutorials, which describe capture of this information, if needed.)




2. SELECT the Sample #: 1, here.

1. SELECT the
Reaction Class:
Formation of a

NOTE: The sample number will
nearly always be "1", unless samples

---------- of various purities or sources were |
studied.
S

Participant 1 methyl methacylate - | Coefficient I—
Participant 2 - | Coefficient I— armple A -

Harbicipar - | Coefficient I— Sample # Iﬂ
Participant 4 I j Coefficient I— Sample # Iﬂ
Participant 5 I j Coefficient I— Sample # Iﬂ
Participant & I . j Coefficient I— Sample & Iﬂ
Participant ¥ I_ 3 ° CLICK mn the j Coefficient I— Sample # Iﬂ
Participant 8 I_ Partici pant 2 j Coefficient I— Sample & Iﬂ

Salvent; I_ ﬁeld ﬁ [nert component; I j
[ ]

Aooept | Cancel




. Reaction - 0] x|

Check,
Staichiommetry

; . ; , . Balance
Reaction class: | Foyation of a cornpound from elements in their stable state j -

Participant 1 | o athol methacmlate | Coefficient I Sample # |4
Coefficient I Sample # -
R o ficient I Sample #

Participant 3 )
Farticipant 4 | Coefficient I— Sample #

Participant 5 I ; j Coefficient I— Sample # -
1. SELECT the second la. SELECTION of New,
reaction Participant causes the Substance

from the list or SELECT | =1 !identification form to appear.
New, if another is needed. Acoept | Canedl |

Farticipant 2

ol

im. Substance
Help

CAS Registry Mumber: I —I —I_ Empinical formula [Caze sensitive): I

M arme: I

Search results: I




. Substance : =0l x|

Help

CA5 Reaiztry Mumnber: I —I —I_ Empirizal formula [Caze sensitivel: |

Search results:l

__| 1. TYPE the name of 2 CLICK Find

the required reaction
Participant

im. Substance ‘ ) ] s
: =10 x]

Help

CAS Reaiztry Murnber: I -I -I_ Ermpirizal formula [Caze sensitivel: |

M arme: araphite

Search results: I graphite

Carnicel

3. The found substance 4. CLICK Accept
appears in the Search

Results




NOTE: The substance now appears as Participant 2.
ALSO: The order in which the participants are added is NOT important.

. Reaction = 0] =]
Help
: : Eal Check.
Reaction class: IFu:urmatiu:un of a compound from elements in their stable state j Hzaaur:]t?:n Stnf:iinmetry
I Sample # |-| vl
graphite I Sample # I -I
= I Sample # I vI
Participant 4 I j Coefficient I Sample # I vl
Farticipant & I j Coefficient I Sample # I vl
Farticipant & I j Coefficient I Sample # I -I
Participant 7 I j Coefficient I Sample # I vI
Participant & I j Coefficient I Sample # I vl
Salvent I j Inert compaonent; I j

Accept | Cancel |




1. Identify all of the

reaction Participants
. Reaction I ]

Check:
Stoichiometry

B alance
Reaction

Reaction clazs: IFu:urmatiDn of a compound from elements in their stable state j

Participant 1 = sthaclats Coefficient I 1
Participant 2 Igraphite Coefficient I Sample #
Participant 3 IDH}'QEH - |B Coefficient I Sample #

Coefficient Sample #

Coetfi

ient Sample #

el

Participant & I 2 C LIC K et Sample #

Participant 7 I ° Lo Sample #

Participant & I Balance Reaction ient I— Sample #
Solvent: I ;I TRET COMporient: I

Accept | Cancel |




NOTE: The balanced reaction appears in this field.
ALSO NOTE: The reaction is in the WRONG direction.

. Reaction =100 x|

Help

ChHEQZ =0T+ 02+ 4 H2

Reaction class: IFn:nrmatin:nn of a compound fram elements in their stable state

Participant 1 Imeth}ll methacrlate
Farticipant 2 I graphite

|5— Sample #

2. CLICK
Balance
Reaction [
again.

j Coefficient
j Coefficient
j Coefficient

Participant 3 I OxyYgEn

Farticipant 4 I hydrogen
Farticipant 5 I— ﬁ Coefficient
Pachas [ 1. Chal_lg? the first — Cotoen
F'arthfpant 7 I— coeffICIent from ﬁ Enefffcfent
Farticipant 8 I— ﬁ Coefficient

o -1 to 1. i

e — — — —

Accept | Cancel |




NOTE: The balanced reaction now
appears in the CORRECT direction.

i, Reaction i =10 x|

Help

BT+ 02+ 4 HZ=ChHB02Z

Reaction class: IF:::rmatiu:un of a compound fram elements in their stable state j Sﬁziﬁumetwl
Farticipant 1 Imeth_l,ll methacrylate j Coefficient |-|— Sample # m
Farticipant 2 Igraphite j Coefficient |5— Sample # Iﬂ
Farticipant 3 IDH}'QEH j Coefficient |-|— Sample # Iﬂ
Farticipant 4 Ih_l,ldrcugen j Coefficient |4— Sample # Iﬂ
Farticipant & I j Coefficient I— Sample # Iﬂ
Farticipant & I j Coefficient I— Sample # Iﬂ
Farticipant ¥ I j Coefficient I— Sample # Iﬂ
Farticipant 8 I j Coefficient I— Sample # Iﬂ

Salvent: I j Inert component: I j

Cancel |

1. CLICK Accept




. Property and experimental method for 4 H2 + 5C + 02 = C5HBD2 - |EI|E|
Help

Froperty group: E nthalpy & Intermal energy of reaction j
Property: Enthalpy of reaction j

itz I k) /rale

1. SELECT the Property Group:
Enthalpy & Internal energy of
reaction from the menu.

kethod of meazuizment:

—
2. SELECT the Property: =l
Enthalpy of reaction

3. SELECT the
Units: kJ/mol, here.

E=permental purposg:

Cormment |'|
[optional]

] Cancel




L2 | SELECT Method of Measurement from the list

Help

ropeted PYOVided. NOTE: Other can be a valid selection and

roper: | Should include a brief description in the Comment field.

I rits: I L Araole

kethod of measurement:

Fuotating bomb calarimetm

Experimental puipoze: Frincipal abjective of the work,

2. SELECT the Experimental
Purpose from the list provided.

Camment |'|
[ophional]

3. CLICK OK




i, Enthalpy of reaction

=101 %]

4H2+5C +02 = CoHEO2Z

Participant 1

|meth_l,l| methacrylate Phase I Liquid

Participant 2

|h_l,ldrngen Phaze I Gaz

Participant 3

|gra|:uhite Phase I Cryztal

Participant 4

ICIH_','QEH

1. SELECT the I
Phase for each |
Participant I
from the menus. |

il [

the experimental value in these fields.

2. ENTER the temperature and pressure for

Initial T:  [29515 k. Initial F: {101 325 kPa

- 1293.15 K FinalP: 101325  kPa

Froperty walue
-375.07

kJ fmale

Precision: ID_54

Murnber of determinations: I

Comment; |

et # I1 | Froperty and Method I Standard state.

Cancel |

3. ENTER the Property value
and Precision, if known.

4. CLICK
Accept




wi. Guided Data Capture - Thermanbucical
File Edit Tools Help NOTE: The new Reaction and data set

appear at the bottom of the navigation

|l

Reference Cc:rnpu::unu:ll

=] EEIEIE zte chi [ tree.

- Samle ['3'“ 13:39 96 The added Reaction Participants appear
- CEHB02 + 602 =5 C02 + 4

in the tree, also

EI 4 HZ +5C + 02 =ChHE0Z [FRM, methyl methacrlate, hydrogen, graphite, odygen)

“C:HM,0.0,0,7),B

NOTE: DOUBLE CLICKING on the data set
allows editing of all entered information.




END

Continue with other compounds,
samples, properties, reactions, etc...

or save your file and exit the program.




